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ELECTRIC POWER MANAGEMENT SYSTEM

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The present application is a continuation applica-
tion of International Application No. PCT/JP2011/072930,
filed Oct. 5, 2011, the entire contents of which are incorpo-
rated herein by reference and priority to which is hereby
claimed. The PCT/JP2011/072930 application claimed the
benefit of the date of the earlier filed Japanese Patent Appli-
cation No. 2010-232982, filed Oct. 15, 2010, the entire con-
tents of which are incorporated herein by reference, and pri-
ority to which is hereby claimed.

TECHNICAL FIELD

[0002] The present invention relates to an electric power
management system, and in particular, to a system which
controls charging and discharging of a storage battery.

BACKGROUND ART

[0003] In management of electric power, it is preferable to
generate power or supply power according to an amount of
power consumption of a load. Patent Literature 1 discloses, as
a power supply system of a network system, a structure hav-
ing a plurality of solar light generated power supply systems
connected to a communication line, and an information
source device which measures weather information such as
an amount of sunshine and transmits the weather information
to the solar light generated power supply systems.

[0004] On the other hand, an electricity storage device
comprising a lithium ion battery or the like is used for storing
the electric power generated by the solar light power genera-
tion and for handling a varying amount of power consumption
by the load. Patent Literature 2 discloses a management
device of a lithium ion battery in which a state of charge/
discharge of a lithium ion battery is judged based on a mea-
surement value of a charging/discharging current of the
lithium ion battery, a measurement value of the temperature,
and information of supply of a commercial power supply, and
a remaining capacity of the lithium ion battery is calculated.

RELATED ART REFERENCES
Patent Literature

[Patent Literature 1] JP 2008-136259 A
[Patent Literature 2] JP 2006-140094 A

[0005]
[0006]

DISCLOSURE OF INVENTION
Technical Problem

[0007] A secondary battery such as the lithium ion battery
of' the electricity storage device has an inter-terminal voltage
of'a unit storage battery, which is generally called a unit cell,
of'about 1 V-4V, and has a relatively small capacity. Thus, it
is necessary to form a storage battery pack using a plurality of
unit cells, and to use a plurality of storage battery packs to
form the electricity storage device.

[0008] When a plurality of storage battery packs are used in
this manner, even if the usage environment is identical, as the
charge and discharge cycles are repeated, individual difter-
ences among the storage battery packs becomes obvious, and
variations in the characteristics may occur among the plural-
ity of storage battery packs. Therefore, in order to effectively
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use the storage battery in the electric power management
system, it is necessary to assume that variation in the charac-
teristic occurs among the plurality of storage battery packs,
and to control the charging and discharging in consideration
of the variation in the characteristic.

[0009] In this regard, one of the characteristics of the stor-
age battery is a state of charge, and a configuration may be
considered in which the charging and discharging are con-
trolled such that the state of charge is within a desired range.
In order to do so, it is necessary to accurately detect the state
of charge of the storage battery.

[0010] An advantage of the present invention is provision
of'a system which can accurately detect a state of charge of a
storage battery pack, so that suitable charge and discharge
control of the storage battery can be executed.

Solution to Problem

[0011] According to one aspect of the present invention,
there is provided an electric power management system
which controls charging and discharging of an electricity
storage unit which is charged by electric power from an
electric power supply and which discharges the stored electric
power to a load, the system comprising a detection unit which
detects a state of charge of each of a plurality of storage
battery packs included in the electricity storage unit, and a
control unit which controls the charging and the discharging
of'the electricity storage unit according to the detected state of
charge, wherein the detection unit detects, in a wait state in
which the electricity storage unit is not charging or discharg-
ing, the state of charge using accumulated values of charging
and discharging currents while the wait state continues for a
predetermined period, and detects the state of charge using a
correlation relationship between an open end voltage and the
state of charge when the wait state has continued for the
predetermined period.

[0012] According to another aspect of the present inven-
tion, preferably, in the electric power management system,
the predetermined period is variably set. For example, the
predetermined period is adaptively set according to at least
one of a continued time of charging and discharging imme-
diately before the wait state, a charging and discharging rate,
a battery temperature of the electricity storage unit, and a
battery type of the storage battery. Alternatively, the prede-
termined period is adaptively set according to a transition
with respect to time of a change of voltage in the wait state in
the past.

[0013] According to another aspect of the present inven-
tion, there is provided an electric power management system
which controls charging and discharging of an electricity
storage unit which is charged by an electric power from an
electric power supply and which discharges the stored electric
power to a load, the system comprising a detection unit which
detects a state of charge of each of a plurality of storage
battery packs included in the electricity storage unit, and a
control unit which controls the charging and the discharging
of'the electricity storage unit according to the detected state of
charge, wherein the detection unit detects the state of charge
using accumulated values of charging and discharging cur-
rents until a state where an amount of change of voltage per
unit time is less than or equal to a threshold value continues
for a predetermined period, and detects the state of charge
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using a correlation relationship between an open end voltage
and the state of charge when the state has continued for the
predetermined period.

Advantageous Effects of Invention

[0014] According to various aspects of the present inven-
tion, a state of charge of a storage battery pack can be highly
precisely detected.

BRIEF DESCRIPTION OF DRAWINGS

[0015] FIG. 1 is a basic structural diagram of an electric
power management system.

[0016] FIG. 2 is an internal structural diagram of a storage
battery pack.
[0017] FIG. 3 is an internal structural diagram of an elec-

tricity storage unit.

[0018] FIG. 4A is an overall process flowchart (part 1) of
charge and discharge control.

[0019] FIG. 4B is an overall process flowchart (part 2) of
charge and discharge control.

[0020] FIG. 5 is a time sequential explanation diagram
during charging.

[0021] FIG. 6 is a time sequential explanatory diagram
during discharging.

[0022] FIG. 7 is a calculation process flowchart of SOC.
[0023] FIG. 8 is a timing chart showing a calculation
method of SOC.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0024] A preferred embodiment of the present invention
will now be described with reference to the drawings.

1. Basic Structure of System

[0025] First, a basic structure of an electric power manage-
ment system in the present embodiment will be described.
[0026] FIG. 1 shows an overall structural diagram of an
electric power management system in the present embodi-
ment. The electric power management system comprises a
PCS centralized board 12 to which electric power from an
external commercial power supply 10 is supplied, a power
conditioner (PCS) 14, a total storage battery unit manager 16,
a system manager 18, a total electric power monitoring device
20, and a storage battery system 22. The electric power man-
agement system is provided in a factory facility or the like in
order to supply electric power necessary for loads such as
general lighting, a general air conditioner, kitchen equipment,
and office equipment such as a server and a personal com-
puter. The supply of electric power to these loads may be
executed to supply all of the electric power from the electric
power management system, or using both the electric power
management system and the external commercial power sup-
ply.

[0027] The external commercial power supply 10 is an
alternating current electric power supply of a single phase or
three phases, and is supplied from an external electric power
company in a combination of electric power generated by
various power generation methods, such as thermal power
generation, hydroelectric power generation, nuclear power
generation, etc., according to a change of supply and demand
of the electric power.
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[0028] ThePCS centralized board 12 switches a connection
between the external commercial power supply 10 and the
storage battery system 22. That is, during charging and dis-
charging, the PCS centralized board 12 switches a switch to
connect an alternating current system of the external com-
mercial power supply 10 and the storage battery system 22,
and during a period when the charging and discharging are
prohibited, the PCS centralized board 12 switches the switch
to disconnect the connection between the alternating current
system of the external commercial power supply 10 and the
storage battery system 22. When the switch of the PCS cen-
tralized board 12 connects the alternating current system of
the external commercial power supply 10 and the storage
battery system 22, if a potential of the storage battery system
22 is higher than a potential of the external commercial power
supply 10, the electric power stored in the storage battery
system 22 is discharged, and if the potential of the storage
battery system 22 is lower than the potential of the external
commercial power supply 10, the electric power is charged
from the external commercial power supply 10 to the storage
battery system 22. The PCS centralized board 12 is switch-
controlled by a control instruction from the total storage
battery unit manager 16, and outputs an instruction for charg-
ing/discharging to the power conditioner 14 based on a con-
trol instruction from the total storage battery management
unit manager 16.

[0029] The power conditioner 14 comprises a bidirectional
AC-DC converter, converts alternating current power from
the external commercial power supply 10 into direct current
power and supplies the direct current power to the storage
battery system 22 during charging, and converts direct current
power from the storage battery system 22 into alternating
current power and supplies the alternating current power to an
alternating current load during discharging. Alternatively, a
DC-DC converter (not shown) may be provided on a side of a
DC system of the power conditioner 14 to convert direct
current power from the storage battery system 22 into direct
current power of a relatively low voltage, and supply the
converted direct current power to a direct current load during
discharging. The power conditioner 14 is provided common
to a plurality of storage battery systems 22, and collectively
executes the electric power conversion of the plurality of
storage battery systems 22. One or a plurality of the power
conditioners 14 may be provided, and each of the plurality of
power conditioners collectively controls a plurality of storage
battery systems 22. The one or plurality of power conditioners
14 are controlled by a control instruction from the PCS cen-
tralized board 12.

[0030] The total storage battery unit manager 16 judges
whether or not the charge and discharge control instruction
from the system manager 18 can be executed based on the
charge and discharge control instruction from the system
manager 18 and data from electricity storage units 22-1,22-2,
... of the storage battery system 22, outputs a charge instruc-
tion or a discharge instruction to the power conditioner 14
based on a result of the judgment, and outputs a charge
instruction or a discharge instruction to a storage battery unit
manager 28 of each of the electricity storage units 22-1, 22-2,
. . .. The judgment of whether or not the charging and
discharging are to be executed at the total storage battery unit
manager 16 is determined based on the states of charge and
voltages of the electricity storage units 22-1, 22-2, . . . . This
process will be further described later.
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[0031] The system manager 18 outputs the charge and dis-
charge instructions to the total storage battery unit manager
16 based on management information from the total electric
power monitoring device 20. That is, the total electric power
monitoring device 20 obtains data related to an electric power
necessary for the load side and electric power on the side of
the storage battery and outputs the management information.
The system manager 18 determines whether the storage bat-
tery system 22 should be charged or discharged based on the
management information and outputs the charge and dis-
charge control instruction. The charge and discharge control
instruction may be an instruction in which charge and dis-
charge conditions are shown with an electric power value and
time such as “charge at ** kW for ** seconds” or “discharge
at ** kW for ** seconds”, or may be an instruction in which
the charge and discharge conditions are shown with an elec-
tric power value and a completion voltage or SOC such as
“charge (discharge) at ** kW until the voltage becomes ** V”
or “charge (discharge) at ** kW until the SOC becomes ** %.
For example, in order to inhibit a peak electric power of the
external commercial power supply 10 becoming excessive
due to a change of the power consumption of the load, the
system manager 18 schedules charging and discharging to
smooth the electric power from the external commercial
power supply 10 by converting the alternating current power
from the external commercial power supply 10 into direct
current power and charging the storage battery system 22
prior to time which is expected to have the peak electric
power, and by discharging from the electricity storage device
22 to the load at the time of the peak electric power. The
charge and discharge control instruction from the system
manager 18 is output to the total storage battery unit manager
16 irregularly and at necessary times. Therefore, the present
electric power management system transitions among three
states including a charging state at a certain time, a discharg-
ing state at another time, and a wait state at another time in
which no charging or discharging is executed.

[0032] The storage battery system 22 comprises a plurality
of electricity storage units 22-1, 22-2, . . . . For example, the
storage battery system 22 comprises five electricity storage
units 22-1, 22-2, ... 22-5. Each of the electricity storage units
22-1, 22-2, . . . has the same structure. With reference to the
electricity storage unit 22-1 as an example, the electricity
storage unit 22-1 comprises a battery module, an electric
power system switching circuit 26, and a storage battery unit
manager 28.

[0033] The battery module includes a plurality of storage
battery packs, and each storage battery pack includes a plu-
rality of unit cells. The unit cell is formed with a lithium ion
secondary battery. The structure of the battery module will be
further described later.

[0034] The electric power system switching circuit 26 is a
circuit which switches between discharging and charging.
During charging of the storage battery system 22, a charge
switch is switched ON and a discharge switch is switched
OFF. During discharging of the storage battery system 22, the
charge switch is switched OFF and the discharge switch is
switched ON. The switching ON/Off ofthe charge switch and
the discharge switch is controlled by an instruction from the
storage battery unit manager 28.

[0035] The storage battery unit manager 28 receives data
such as a charge percentage SOC as a state of charge from
each storage battery pack of the plurality of storage battery
packs of the battery module, and outputs the data of SOC or
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the like to the total storage battery unit manager 16. Here,
SOC is a parameter representing, as a percentage, a ratio of a
dischargeable capacity (remaining capacity) with respect to a
fully charged capacity. The total storage battery unit manager
16 judges whether or not to execute charging and discharging
based on the data such as SOC supplied from each storage
battery unit manager 28 of each of the electricity storage units
22-1,22-2,...22-5, and instructs charging and discharging to
the storage battery unit manager 28 of each of the electricity
storage units 22-1, 22-2, . . . 22-5 based on the result of the
judgment. In response to the charge and discharge instruc-
tions, the storage battery unit manager 28 controls the charge
switch to the ON state when the instruction is a charge
instruction and controls the discharge switch to the ON state
when the instruction is a discharge instruction.

[0036] FIG. 2 shows an internal structure of the storage
battery pack 25 of the battery module. The storage battery
pack 25 is formed by connecting a plurality of lithium ion unit
cells 25a in series and in parallel. For example, 24 unit cells
25a are connected in parallel and 13 parallel connections are
connected in series. The storage battery pack 25 comprises, in
addition to these plurality of unit cells 254, a pack informa-
tion controller 25¢ including a parameter calculator 255.
[0037] The parameter calculator 256 measures a current
value and a voltage value of each stage where the unit cells are
connected in parallel, and measures a current value and a
voltage value between a positive electrode and a negative
electrode of the storage battery pack, SOC of the storage
battery pack, and temperature of each storage battery pack,
and outputs the measured information to the pack information
controller 25¢. The SOC may be determined from an accu-
mulated value of charging and discharging currents or deter-
mined by referring to an equation or a table representing a
relationship between an open end voltage and the SOC which
is determined in advance. The calculation method of the SOC
will be further described later. Because the storage battery
pack has an internal resistance and an internal capacitance,
there maybe cases where the open end voltage cannot be
accurately determined. There may be cases where the dis-
chargeable capacity cannot be determined. By selectively
using or combining the above-described SOC calculation
methods according to the circumstances, the SOC which
indicates the dischargeable capacity can be more accurately
determined.

[0038] FIG. 3 shows an internal structure of the battery
module. The storage battery unit 24 is formed by connecting
a plurality of storage battery packs 25 shown in FIG. 2 in
series and in parallel. That is, for example, 5 storage battery
packs 25 are connected in series, and 4 series connections are
connected in parallel. The data from the pack information
controller 25¢ of each storage battery pack 25, that is, the
current value and voltage value of each unit cell, the current
value and voltage value of each storage battery pack, the SOC
of each storage battery pack, and the temperature of each
storage battery pack are output through a communication line
to the storage battery unit manager 28.

2. Basic Charge and Discharge Control of System

[0039] Next, basic charge and discharge control of the sys-
tem in the above-described structure will be described. FIGS.
4A and 4B show process flowcharts of the present embodi-
ment. FIG. 4A is a process flowchart of the charge and dis-
charge control using an average value of the SOC, and FIG.
4B is a process flowchart of the charge and discharge control
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using a cell voltage, a pack voltage, and a 5-series voltage. In
the electric power management system of the present embodi-
ment, the charge and discharge controls of these two flow-
charts are executed in parallel, and a configuration is
employed in which, when a charge prohibition state or a
discharge prohibition state is reached in one of the flowcharts,
the electric power management system is prohibited from
charging or discharging.

[0040] First, the process flowchart of the charge and dis-
charge control using the average value of the SOC shown in
FIG. 4A will be described.

[0041] The system manager 18 determines whether to
execute charging or discharging, and outputs the charge and
discharge control instruction to the total storage battery unit
manager 16 (S101). Next, the total storage battery unit man-
ager 16 judges whether the instruction is charging or dis-
charging based on the charge and discharge control instruc-
tion (8102). In the following, the process will be described
separately for the charge instruction and the discharge
instruction.

<Case of Charge Instruction>

[0042] When the instruction is the charge instruction, the
total storage battery unit manager 16 sets a first threshold
value in the storage battery unit manager 28 of each of the
electricity storage units 22-1, 22-2, . . . 22-5 (S103). In this
process, a value higher than the average SOC calculated
before the charging is set as the first threshold value. The first
threshold value is a target value of charging, and with the
subsequent process, the charging is executed until the average
SOC reaches the first threshold value.

[0043] Thetotal storage battery unit manager 16 obtains the
SOC for each storage battery pack from the storage battery
unit manager 28 of each of the electricity storage units 22-1,
22-2,...22-5(5104), and calculates an average SOC of the
storage battery system 22 (S105). When the storage battery
system 22 comprises 5 electricity storage units 22-1, 22-2, . .
. 22-5, and each electricity storage unit 22-1, 22-2, .. . 22-5
includes 5-series, 4-parallel storage battery packs 25, data of
atotal of 5x5x4=100 SOCs are output from all storage battery
unit manager 28 to the total storage battery unit manager 16.
Thus, the total storage battery unit manager 16 calculates an
average value (average SOC) of these data of 100 SOCs, that
is, the average SOC of all storage battery packs 25 in the
electricity storage system 22.

[0044] After the average SOC is calculated, the total stor-
age battery unit manager 16 judges whether or not the calcu-
lated average SOC exceeds the first threshold value (S106). If
YES in S106, that is, when the first threshold value is
exceeded, the target value of charging is reached, and charg-
ing is prohibited (S114).

[0045] On the other hand, when the average SOC is less
than or equal to the predetermined first threshold value, the
total storage battery unit manager 16 executes charging
(S107).

[0046] When the charging and discharging are to be
executed while controlling the average SOC in a range of, for
example, 30%-70%, the first threshold value may be set at
70%.
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<Case of Discharge Instruction>

[0047] When the instruction is the discharge instruction,
the total storage battery unit manager 16 sets a second thresh-
old value in the storage battery unit manager 28 of each of the
electricity storage units 22-1, 22-2, . . . 22-5 (S109). In this
process, a value less than the average SOC calculated before
the discharging is set as the second threshold value. The
second threshold value is a target value of the discharging,
and by the subsequent processes, the discharging is executed
until the average SOC reaches the second threshold value.

[0048] Thetotal storage battery unit manager 16 obtains the
SOC of each storage battery pack from the storage battery
unit manager 28 of each of the electricity storage units 22-1,
22-2,...22-5(S110), and calculates an average SOC of all
storage battery packs 25 of the storage battery system 22
(S111).

[0049] After the average SOC is calculated, the total stor-
age battery unit manager 16 judges whether or not the calcu-
lated average SOC is less than the second threshold value
(S112). The second threshold value is a value less than the
first threshold value. IfYES in S112, that is, when the average
SOC is less than the second threshold value, it is judged that
discharging is not appropriate, and the discharge instruction
is not executed (S114).

[0050] Onthe other hand, if the average SOC is greater than
or equal to the predetermined second threshold value, the
total storage battery unit manager 16 executes the discharging
(S113).

[0051] In the case that the charging and discharging are to
be executed while controlling the average SOC in a range of,
for example, 30%-70%, the second threshold value maybe set
at 30%.

[0052] Next, the process flowchart of the charge and dis-
charge control using the cell voltage, pack voltage, and 5-se-
ries voltage shown in FIG. 4B will be described. The cell
voltage refers to a voltage of each unit cell 254 of the storage
battery pack 25 shown in FIG. 2, the pack voltage refers to a
voltage of the storage battery pack 25, and the 5-series voltage
refers to an overall voltage when 5 storage battery packs 25
shown in FIG. 3 are connected in series. When 13 unit cells
25a are connected in series, cell voltage=pack voltage/13=5-
series voltage/(13x5).

[0053] Thetotal storage battery unit manager 16 obtains the
cell voltage, the pack voltage, and the 5-series voltage from
the storage battery unit manager 28 of each of the electricity
storage units 22-1, 22-2, . . . 22-5 (S151), and calculates a
maximum value and a minimum value of each of the cell
voltage, pack voltage, and 5-series voltage (S152). When the
storage battery system 22 comprises 5 electricity storage
units 22-1, 22-2, . .. 22-5 and each of the electricity storage
units 22-1,2-2, ... 22-5 comprises 5-series, 4-parallel storage
battery packs 25, data of a total of 5x5x4=100 pack voltages
are output from all storage battery unit managers 28 to the
total storage battery unit manager 16. Thus, the total storage
battery unit manager 16 calculates the maximum value and
the minimum value of the data of these 100 SOCs. Similarly,
the maximum value and the minimum value are calculated
from a plurality of voltage values for each of the cell voltage
and the 5-series voltage.
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[0054] After the maximum value and the minimum value of
each of the cell voltage, pack voltage, and 5-series voltage are
calculated, the total storage battery unit manager 16 judges
whether or not the calculated maximum value of the voltage
exceeds a voltage upper limit value which is set in advance
(S153). If YES in S153, that is, when the maximum value
exceeds the voltage upper limit value, it is judged that charg-
ing is not appropriate, and charging is prohibited (S156). The
prohibition of charging in S156 may be realized, for example,
by setting a charge prohibition flag. In this case, the charge
prohibition flag may be the same flag as the charge prohibi-
tion flag used in the process flowchart of FIG. 4A or may be
a different flag. The voltage upper limit value may be set at a
voltage value (V) necessary for preventing excessive charg-
ing.

[0055] Next, the total storage battery unit manager 16
judges whether or not the calculated minimum value of the
voltage is less than a predetermined voltage lower limit value
which is set in advance (S154). If YES in S154, that is, if the
minimum value is less than the lower limit value, it is judged
that discharging is not appropriate, and discharging is prohib-
ited (S157). The prohibition of discharging in S157 may be
realized by, for example, setting a discharge prohibition flag.
Here, the discharge prohibition flag may be the same flag as
the discharge prohibition flag used in the process flowchart of
FIG. 4A, or may be a different flag. The voltage lower limit
value may be set at a voltage value (V) necessary for prevent-
ing excessive discharging.

[0056] When the maximum value of each of the cell volt-
age, pack voltage, and 5-series voltage calculated by the total
storage battery unit manager 16 does not satisfy the condition
of'S154, the charge prohibition flag and the discharge prohi-
bition flag are not set, and the charging/discharging state is
continued (S155). The process flowchart of FIG. 4B is
executed at a regular interval such as, for example, once every
second, to control the charging and discharging.

[0057] With the charge and discharge control using the
average SOC of FIG. 4A alone, there may be cases where an
abnormality occurring in the series connection between unit
cells or an abnormality occurring in the series connection
between storage battery packs cannot be detected. In consid-
eration of this, by executing the charge and discharge control
of FIG. 4B in parallel, the cell voltage, the pack voltage, and
the 5-series voltage are independently compared with upper
limit values, and when any of these voltages exceeds the
voltage upper limit value, it is judged that an abnormality of
some sort has occurred. More specifically, as shown in the
process flowchart of FIG. 4B, a common voltage upper limit
value is used to compare the maximum cell voltage with the
voltage upper limit value, the maximum pack voltage/13 with
the voltage upper limit value, and the maximum S-series
voltage/(13x5) with the voltage upper limit value, and when
any of these values exceeds the voltage upper limit value, it is
judged that there is a possibility of excessive charging, and
charging is not executed. Alternatively, the upper limit values
of the cell voltage, pack voltage, and 5-series voltage, for
example, may be independently provided. For example, when
the upper limit value of the cell voltage is set at 4.2 V, the
upper limit value of the pack voltage may be set at 53 V, and
the upper limit value of the 5-series voltage may be set at 250
V.

[0058] FIGS. 5 and 6 show the charge and the discharge
process in a time sequence. FIG. 5 shows a charging state and
FIG. 6 shows a discharging state. As an exemplary configu-
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ration, a maximum value and a minimum value of the pack
voltage are used, and in FIGS. 5 and 6, max and min represent
the maximum value of the pack voltage and the minimum
value of the pack voltage, respectively, and a circle represents
the average SOC. For the purpose of convenience, the voltage
value of the pack voltage is shown as a percentage. First, the
process of FIG. 5 will be described. As shown in FIG. 5(a),
when the average SOC is less than or equal to 70%, which is
the first threshold value, and the maximum value of the pack
voltage is less than or equal to the upper limit value, the
charge instruction is executed and the structure is set in the
charging state.

[0059] When charging progresses and the SOC increases,
to a state where the average SOC reaches the first threshold
value of 70% as shown in FIG. 5(b), charging is prohibited. In
addition, as shown in FIG. 5(c), even if the average SOC has
not reached the first threshold value of 70%, when the varia-
tion among the storage battery packs 25 increases and the
maximum value of the pack voltage reaches the upper limit
value, charging is prohibited in order to prevent excessive
charging. Although not shown in FIG. 5, even when the aver-
age SOC has not reached the first threshold value of 70% and
the maximum value of the pack voltage has not reached the
upper limit value, when one of the maximum cell voltage and
the maximum 5-series voltage has reached the voltage upper
limit value, the charging is prohibited at that point.

[0060] Next, the process of FIG. 6 will be described. When
the average SOC is greater than or equal to 30%, which is the
second threshold value, and the minimum value of the pack
voltage is less than or equal to the lower limit value, as shown
in FIG. 6(a), the discharge instruction is executed, and the
structure is set in the discharging state.

[0061] When the discharging progresses and the SOC
reduces to a state where the average SOC reaches the second
threshold value of 30% as shown in FIG. 6(b), the discharging
is prohibited. In addition, as shown in FIG. 6(¢), even when
the average SOC has not reached the second threshold value
0t 30%, when the variation among the storage battery packs
25 increases and the minimum value of the pack voltage
reaches the lower limit value, discharging is prohibited in
order to prevent excessive discharging. Although not shown
in FIG. 6, even when the average SOC has not reached the
second threshold value of 30% and the minimum value of the
pack voltage has not reached the lower limit value, when one
of the minimum cell voltage and the minimum 5-series volt-
age reaches the voltage lower limit value, the discharging is
prohibited at that point.

[0062] With these processes, the charging and the discharg-
ing are controlled such that the average SOC is within a range
0t 30%-70%, and excessive charging or excessive discharg-
ing due to variation in characteristic among the storage bat-
tery packs 25 or defects in the storage battery pack 25, or in
the series connection of the storage batteries 25, can be reli-
ably prevented. Even if excessive charging is not reached,
when the storage battery pack 25 is left in a state where the
storage battery pack 25 is charged to a high voltage close to
the excessive charging, the battery lifetime is significantly
shortened. With the above-described processes, the leaving of
the storage battery pack 25 in a high voltage state is prevented,
so that degradation of the battery can be prevented and the
lifetime of the battery can be prolonged.
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3. SOC Calculation Process

[0063] As described, the total storage battery unit manager
16 judges whether or not to execute the charge and discharge
control instruction and executes the charging or discharging
accordingly. In the execution of the charging or the discharg-
ing, the SOC of the storage battery system 22 is calculated
(S104 and S110 in FIG. 4A). This SOC calculation process
will now be described in detail.

[0064] In general, as a method of calculating the SOC of a
storage battery, the following two methods are known.

(1) Method A

[0065] This is a method where the SOC is calculated based
on an amount of current flowing into or out of the storage
battery. When a current of greater than or equal to a certain
value flows, the amount of increase or decrease of the SOC
can be relatively accurately calculated. More specifically, for
an SOC at a certain point in time, charge corresponding to the
charging current after this point in time accumulates over
time and is added to the SOC, and charge corresponding to the
discharging current after this point in time accumulates over
time and is subtracted from the SOC, to calculate the SOC at
an arbitrary point in time. However, in this method, a small
current of less than or equal to the certain value may not be
detected, and it may not be possible to detect the current in
cases such as when the battery is charged in a constant voltage
mode, and an error between the calculated value and the
actual SOC may accumulate. Similar influence may occur by
self discharge or the like in the storage battery.

(2) Method B

[0066] This is a method where the SOC is calculated by a
function of parameters of an open end voltage of the storage
battery and the temperature. Specifically, there is a certain
correlation between the open end voltage and the temperature
and the SOC. Thus, the relationship between the open end
voltage and temperature and the SOC is stored in a memory as
a function or a table in advance, an open end voltage and a
temperature at a certain point in time are detected, and an
SOC corresponding to these parameters is calculated. When
the SOC is greater than or equal to a certain value and the
temperature is about room temperature, the influence of the
temperature on the SOC is small compared to the open end
voltage, and thus the temperature may be ignored and the
open end voltage maybe set as the only parameter. As this
relationship may change due to degradation of the storage
battery or the memory effect, regular updating of the relation-
ship is also being proposed. In this method, the SOC can be
calculated for any voltage and any current. However, it is
difficult to estimate the open end voltage during the charge
and discharge operations. In addition, immediately after the
start of charging and discharging or immediately after tran-
sition from the charging and discharging states to the wait
state, it is difficult to accurately estimate the open end voltage
due to the influence of hysteresis (a state where the voltage
does not immediately follow the current even when the cur-
rent changes, and changes gradually).

[0067] As described, the methods A and B have respective
advantages and disadvantages. Therefore, if the SOC is cal-
culated with only one of these methods, it becomes difficultto
accurately calculate the SOC as the charging and discharging
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of the storage battery system 22 are repeated, and conse-
quently, it becomes difficult to accurately execute the charge
and discharge control.

[0068] Inconsiderationofthe above, inthe present embodi-
ment, the SOC is calculated by combining both methods.
Specifically, in consideration of the fact that the charge and
discharge control instruction is irregularly output from the
system manager 18 and the system transitions among the
three states of the charging state, the discharging state, and the
wait state, as described above, the management system of the
present embodiment calculates the SOC with the method A in
the charging state and the discharging state, and adds or
subtracts the accumulated value of the charging or discharg-
ing current during the charging or the discharging to and from
the current SOC, to calculate the SOC. When the wait state
continues for a predetermined period or longer, the SOC is
calculated by the method B in consideration of the fact that
the influence of the hysteresis disappears and the SOC can be
accurately calculated with the error corrected.

[0069] When the SOC is to be calculated with the method B
during charging or discharging, if the open end voltage is
measured during the charging or discharging of the storage
battery system 22, accurate open end voltage cannot be mea-
sured, and accurate SOC may not be calculated. Therefore,
when the SOC is calculated during charging or discharging of
the storage battery system 22, it is preferable to temporarily
stop the charging or discharging process, and after the SOC is
calculated, restart the charging or discharging process. The
interruption of the charging process during charging is fine,
but the interruption of the discharging process during dis-
charging may result in insufficient electric power being sup-
plied to the load. Therefore, in this case, the electric power of
the external commercial power supply 10 is preferably sup-
plied to the load for compensation. This process may also be
described as the external commercial power supply 10 being
used as a backup power supply during interruption.

[0070] The method A can be executed by the parameter
calculator 255 of each storage battery pack 25 for calculating
the SOC. The calculated SOC of each storage battery pack 25
is supplied to the total storage battery unit manager 16 as
already described. For the method B, a function or a table of
the open end voltage and temperature and the SOC may be
stored in advance in a memory of the total storage battery unit
manager 16, and the method B may be executed by the total
storage battery unit manager 16 to calculate the SOC. The
total storage battery unit manager 16 calculates the SOC by
switching between the methods A and B.

[0071] FIG. 7 shows a flowchart of the SOC calculation
process in the present embodiment. First, the total storage
battery unit manager 16 judges whether or not the present
electric power management system is being started up
(S201). If the system is being started up, the total storage
battery unit manager 16 calculates the SOC by the method B
(S205). The SOC calculated at the system startup is set as a
reference value for subsequent SOC calculation as the SOC
initial value.

[0072] When the system is not being started up, next, the
total storage battery unit manager 16 judges whether or not
the storage battery system 22 is in the charging state or the
discharging state (S202). When the charge instruction or the
discharge instruction is being executed, it is judged as YES,
and the total storage battery unit manager 16 calculates the
SOC by the method A (S203). That is, the total storage battery
unit manager 16 accumulates the charge or discharge current
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value until interruption, and adds or subtracts the accumu-
lated value to or from the SOC calculated by the method B, to
calculate the SOC.

[0073] Onthe other hand, when it is judged in S202 that the
system is neither in the charging state nor in the discharging
state, that is, when the system is in the wait state, the total
storage battery unit manager 16 then judges whether or not
the wait state has continued for a predetermined period
(S204). If the wait state has not continued for the predeter-
mined period, the total storage battery unit manger 16 calcu-
lates the SOC by the method A assuming that there the influ-
ence ofhysteresis still remains (S203). When the total storage
battery unit manager 16 judges that the wait state has contin-
ued for the predetermined period, the total storage battery unit
manager 16 judges that there is no influence of the hysteresis,
that the change of voltage follows the change of current, and
that the open end voltage can be relatively accurately
detected, and calculates the SOC by the method B (S205).
The calculation method of the open end voltage is known.
Because the internal resistance R, the output voltage V, the
open end voltage Vo, and the discharge current I are in the
relationship of V=Vo+IR, pair data of (I, V) may be detected
and plotted, to calculate the open end voltage Vo. The calcu-
lation of the SOC using the open end voltage Vo is also
disclosed in, for example, JP 2006-194789 A assigned to the
present assignee.

[0074] FIG. 8 shows the SOC calculation process of the
present embodiment in a time sequence. In FIG. 8, reference
numeral 100 represents a change with respect to time of the
actual SOC, reference numeral 200 represents a change with
respect to time of the SOC calculated in the present embodi-
ment, and reference numeral 300 represents a change with
respect to time of the SOC calculated by the method A alone,
for the purpose of comparison. In the charging process or the
discharging process, the charging process or the discharging
process is interrupted and the SOC is calculated by the
method A. In this case, the SOC can be relatively highly
precisely calculated, and there is almost no error from the
actual SOC.

[0075] However, when the system transitions to the wait
state, although the actual SOC gradually reduces due to self
discharge or the like, with the method A alone it is judged that
there is no change in the SOC in the wait state, and errors from
the actual SOC accumulate. In the present embodiment, on
the other hand, after the wait state has continued for the
predetermined period, the method is switched from the
method A to the method B for calculating the SOC, and thus
the error from the actual SOC can be corrected. When the wait
state continues further, the SOC is repeatedly calculated by
the method B.

[0076] When the wait state is completed and the charging
process or the discharging process is executed, the SOC is
again calculated by the method A.

[0077] Asis clear from FIG. 8, in the present embodiment,
in the charging process or the discharging process, the charg-
ing process or the discharging process is interrupted and the
SOC is calculated, and in the wait state, if the wait state
continues for a predetermined period, the method is switched
to the method B for calculating the SOC and for correction.
Therefore, an SOC which is approximately equal to the actual
SOC can be obtained.
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4. Alternative Configurations

[0078] A preferred embodiment of the present invention
has been described. The present invention, however, is not
limited to the preferred embodiment, and various alternative
configurations may be employed.

[0079] Forexample, inthe present embodiment, as the elec-
tric power supply, in addition to the external commercial
power supply 10, a solar cell (solar light power generation
system) or the like may be used in combination. The electric
power generated by the solar cell is supplied to the storage
battery system 22 to charge the storage battery system 22. In
this case also, when the SOC is calculated by the method A, it
is preferable to interrupt the charging and discharging pro-
cesses for calculation of the SOC. When the discharging
process is interrupted, the solar cell may be used as the backup
power supply.

[0080] In addition, in the present embodiment, an average
SOC of all storage battery packs 25 in the storage battery
system 22 is calculated and the average SOC is compared to
the first threshold value or the second threshold value, but
alternatively, an average voltage of all storage battery packs
25 in the storage battery system 22 may be calculated and the
average voltage may be compared to a first voltage threshold
value or a second voltage threshold value, in place of the
average SOC.

[0081] Alternatively, the average SOC and the average volt-
age of all storage battery packs 25 in the storage battery
system 22 may be calculated, the charging process may be
prohibited when at least one of the average SOC or the aver-
age voltage exceeds the first threshold value or the first volt-
age threshold value, and the discharging process may be
prohibited when at least one of the average SOC or the aver-
age voltage is less than the second threshold value or the
second voltage threshold value.

[0082] In the present embodiment, the charging is prohib-
ited when the maximum SOC exceeds the upper limit value
and the discharging is prohibited when the minimum SOC is
less than the lower limit value, but alternatively, the maximum
voltage of all storage battery packs 25 may be used in place of
the maximum SOC and the minimum voltage of all storage
battery packs 25 may be used in place of the minimum SOC.
[0083] Inaddition, in the present embodiment, the charging
is prohibited when at least one of the maximum cell voltage,
the maximum pack voltage, and the maximum 5-series volt-
age exceeds the voltage upper limit value and the discharging
is prohibited when at least one of the minimum cell voltage,
the minimum pack voltage, and the minimum 5-series voltage
is less than the voltage lower limit value, but alternatively, an
arbitrary two of the cell voltage, pack voltage, and 5-series
voltage may be combined for excessive charge protection or
excessive discharge protection. For example, the cell voltage
and the 5-series voltage may be combined, the cell voltage
and the pack voltage may be combined, or the pack voltage
and the 5-series voltage may be combined. When the cell
voltage and the 5-series voltage are used, in the process of
S153 of FIG. 4B, it is judged whether or not one of the
maximum cell voltage and the maximum 5-series voltage
exceeds the voltage upper limit value, and when the voltage
upper limit value is exceeded, the charging process is prohib-
ited. In the process 0o S154 of FIG. 4B, it is judged whether or
not one of the minimum cell voltage or the minimum 5-series
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voltage is less than the voltage lower limit value, and the
discharging process is prohibited when one of the minimum
cell voltage or the minimum 5-series voltage is less than the
voltage lower limit value.

[0084] In the present embodiment, as the state of charge of
the storage battery pack 25, a relative charge percentage SOC
(%) with the fully charged state being 100 is used, but alter-
natively, a remaining capacity value (A-h) may be used in
place of the charge percentage SOC (%).

[0085] Moreover, in the present embodiment, the SOC is
calculated using the accumulated values of the charging and
discharging currents until the wait state has continued for a
predetermined period, and after the wait state continues for
the predetermined period, the SOC is calculated by the
method B. That is, using a relationship between the open end
voltage and the SOC. The predetermined period does not need
to be a fixed value and may be variable. For example, the total
storage battery unit manager 16 may adaptively change the
predetermined period by selecting the predetermined period
from among a plurality of values according to at least one of
the continued time of charging/discharging immediately
prior to the wait state, the charging/discharging rate, the bat-
tery temperature of the electricity storage unit, and the battery
type of the electricity storage unit. Specifically, the total stor-
age battery unit manager 16 may set a relatively longer period
for the predetermined period when the continued time of
charging/discharging of immediately prior is relatively long,
the charging/discharging rate of immediately prior is rela-
tively large, or the battery temperature is relatively low.
[0086] In addition, in the present embodiment, the SOC is
calculated using the relationship between the open end volt-
age and the SOC when the wait state continues for a prede-
termined period, but alternatively, the total storage battery
unit manager 16 may apply control such that the charging and
discharging are not executed until the wait state has continued
for the predetermined period. In other words, the total storage
battery unit manager 16 may prohibit charging and discharg-
ing until the wait state has continued for the predetermined
period. Such a configuration ensures that the wait state con-
tinues for the predetermined period.

[0087] Inthe present embodiment, the total storage battery
unit manager 16 may count the continued time indicating how
long the wait state continued, and when the charging and
discharging are started again before the predetermined period
has elapsed, the total storage battery unit manager 16 may
reset the count and stop the count until the charging and
discharging are completed again, and calculate the SOC using
the accumulated values of the charging and discharging cur-
rents.

[0088] In addition, in the present embodiment, the SOC is
calculated using the relationship between the open end volt-
age and the SOC when the wait state continues for the prede-
termined period, but alternatively, the total storage battery
unit manager 16 may store, in an internal or external memory,
a transition with respect to the time of change of the voltage
when the system was in the wait state previously, analyze the
transition with respect to time to predict the point in time
when the voltage change settles, and adaptively set the pre-
determined period based on the result of the prediction.
[0089] Moreover, in the present embodiment, the SOC is
calculated using the accumulated values of the charging and
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discharging currents until the wait state has continued for the
predetermined period, and SOC is calculated using the rela-
tionship between the open end voltage and the SOC when the
wait state has continued for the predetermined period, but
alternatively, the total storage battery unit manager 16 may
switch from the SOC calculation method using the accumu-
lated values of the charging and discharging currents to the
SOC calculation method using the relationship between the
open end voltage and the SOC when a state where an amount
of'voltage change per unit time is reduced to a value less than
or equal to a threshold value continues for a predetermined
period, in place of the condition of continuation of the pre-
determined period of the wait state. In this case, in the process
flowchart of FIG. 7, in S202, instead of judging whether or not
the system is in the charging or discharging state, it is judged
whether or not the amount of voltage change per unit time is
less than or equal to the threshold value, the process moves to
the process of S203 when the judgment is negative or to the
process of S204 when the judgment is positive, and when this
state continues for the predetermined period, the process
moves to the process of S205 to switch from the SOC calcu-
lation using the accumulated values of the charging and dis-
charging currents to the SOC calculation using the relation-
ship between the open end voltage and the SOC. Similarto the
above-described embodiment, in this case also, the predeter-
mined period does not need to be a fixed value, and may be
adaptively changed according to at least one of a continued
time of charging/discharging immediately before, the charg-
ing/discharging rate, the battery temperature of the electricity
storage unit, and the battery type of the electricity storage
unit.

1. An electric power management system which controls
charging and discharging of an electricity storage unit which
is charged by electric power from an electric power supply
and which discharges the stored electric power to a load, the
system comprising:

a detection unit which detects a state of charge of each of a
plurality of storage battery packs included in the elec-
tricity storage unit; and

a control unit which controls the charging and the discharg-
ing of the electricity storage unit according to the
detected state of charge, wherein

the detection unit detects, in a wait state in which the
electricity storage unit is not charging or discharging,
the state of charge using accumulated values of charging
and discharging currents until the wait state continues
for a predetermined period, and detects the state of
charge using a correlation relationship between an open
end voltage and the state of charge when the wait state
has continued for the predetermined period.

2. The electric power management system according to

claim 1, wherein

the predetermined period is variable.

3. The electric power management system according to
claim 2, wherein

the predetermine period is adaptively set according to at
least one of a continued time of charging and discharg-
ing immediately prior to the wait state, a charging and
discharging rate, a battery temperature of the electricity
storage unit, and a battery type of the storage battery.
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4. The electric power management system according to
claim 2, wherein

the predetermined period is adaptively set according to a
transition with respect to time of a change of voltage in
the wait state in the past.

5. The electric power management system according to

claim 1, wherein

the control unit applies control to prohibit the charging and
the discharging of the electricity storage unit until the
predetermined period has elapsed.

6. The electric power management system according to

claim 1, wherein

the detection unit counts a continued time of the wait state,
and, when the charging or the discharging is started
again before the predetermined period has elapsed,
resets and stops the count until the charging or discharg-
ing is completed, and detects the state of charge using the
accumulated values of the charging and discharging cur-
rent in this charging or discharging period.
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7. An electric power management system which controls
charging and discharging of an electricity storage unit which
is charged by electric power from an electric power supply
and which discharges the stored electric power to a load, the
system comprising:

a detection unit which detects a state of charge of each of a
plurality of storage battery packs included in the elec-
tricity storage unit; and

a control unit which controls the charging and the discharg-
ing of the electricity storage unit according to the
detected state of charge, wherein

the detection unit detects the state of charge using accumu-
lated values of charging and discharging currents until a
state where an amount of change of voltage per unit time
is less than or equal to a threshold value has continued
for a predetermined period, and detects the state of
charge using a correlation relationship between an open
end voltage and the state of charge when the state con-
tinues for the predetermined period.
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